INTRODUCTION
In the 2 decades since the 1997/98 Asian financial crisis (AFC), nonperforming loan (NPL) ratios in Asia have generally been trending downward. Annual NPL ratios were less than 5% for most economies during the post-AFC era, a far cry from the zenith when bad loans as a share of the total outstanding hit as much as 49% for Bangladesh, Indonesia, and Thailand; 29% for the People's Republic of China (PRC); and more than 10% for the Kyrgyz Republic, India, Malaysia, Pakistan, and the Philippines (Table 1) .
1 Banks' better asset quality is attributed to stronger growth in nominal incomes and credit, increasing financial inclusion, as well as the efforts of supervisory authorities to improve banks' credit risk management and underwriting practices. For instance, the use of asset management companies (AMCs) in various banking system resolution strategies to deal nationally with the crisis generally proved effective and efficient in managing NPLs in the region. At the height of the crisis, AMCs were important tools in cleansing bank balance sheets, ensuring capital adequacy, and safeguarding financial stability in the banking sector. This helped banks resume private lending, catalyzing economic recoveries in economies gravely hit by the crisis.
In recent years, however, amid global headwinds and moderating growth in the PRC, economic growth in the region has been under downward pressure. This is coupled with risks of greater financial volatility as international financial conditions are becoming less favorable due to the United States (US) monetary policy normalization and amid financial spillovers from the PRC (Punzi and Chantapacdepong 2017) . Since 2010, both the nominal levels of NPLs and as share of total loans have appeared to be picking up in many economies in the region-Bangladesh and India (in South Asia); the PRC; Hong Kong, China; and Mongolia (East Asia); and in Cambodia, Indonesia, Malaysia, Singapore, and Thailand (Southeast Asia) (Figure 1 ). A continuation of these developments could translate into growing concerns over banking sector stability and its systemic implications to the financial sector and the economy in the region.
Two reasons for the recent rise in NPLs, widely apparent across banks in the region, deserve the attention of policy makers in Asia. First, banks in Asia remain critical to financial systems in the region (Figure 2 ). Bank credit accounts for the most prominent source of corporate financing, and this trend has largely prevailed over the last 20 years, despite the continued development of local currency bond markets in Asia.
2 As of 2016, bank credit in emerging Asia amounted to 113.6% of GDP, which far exceeds both the stock market capitalization (68.1%) and outstanding corporate bonds (21.8%). This suggests that, on the one hand, aside from macroeconomic and global factors, bank-specific factors may play a nontrivial role in driving NPLs, and on the other, a large sustained buildup of NPLs may hamper the overall finance sector's functions, weighing on credit channels and slowing economic activities, which ultimately may adversely affect output and employment. 1 The post-AFC era refers to the period from 2000 to the latest available (2017) . 2 See, for instance, Park (2016) . Economy 1997 Economy 1998 Economy 1999 Economy 2000 Economy 2001 Economy 2002 Economy 2003 Economy 2004 Economy 2005 Economy 2006 Economy 2007 Economy 2008 Economy 2009 Economy 2010 Economy 2011 Economy 2012 Economy 2013 Economy 2014 Economy 2015 Economy 2016 Economy 2017 Central Asia Afghanistan 49.9 4.7 5.0 4.9 7.8 12. Second, given the risks stemming from financial integration in the region, deeper regional and global financial interconnectedness could amplify the propagation of shocks, thereby threatening financial stability. Indeed, the vast literature on contagion and spillovers stresses how financial shocks can be spread through financial linkages via various channels (Forbes 2012) . For example, on the back of banking sector interconnectedness through cross-border banking, a shock to one country's financial sector (such as a sharp increase in nonperforming loans or a deposit run) can cause banks to reduce the supply of credit to other economies as well. Idiosyncratic shocks to the value of investors' portfolios in one country may also force them to sell assets in other countries to meet margin calls or cash requirements. Kwan, Wong, and Hui (2014) highlight one transmission channel of contagion originating from advanced economies experiencing financial distress (which are lending) to emerging economies (which are borrowing), resulting in pronounced capital outflows from the latter as credit conditions tighten in the former. Park and Shin (2017) illustrate a similar channel, showing that the (borrowing) exposure of emerging market economies to advanced economies that are experiencing a financial crisis significantly explained capital outflows from these emerging market economies during the global financial crisis.
Therefore, the recent rise of NPLs in some Asian economies calls for close analysis of the determinants, its potential macrofinancial feedback effects, and the implications for financial stability in the region. An investigation of the macroeconomic and bank-specific factors that drive NPLs in Asia helps to enhance the understanding of the nature and characteristics of NPLs, thereby facilitating the design of possible policy measures to address a buildup of NPLs. Further, we estimate macrofinancial feedback effects of NPLs to economies' overall financial systems and real economic sectors to explore the costs associated with NPLs. Our analysis highlights the negative feedback effects both on the financial sector and the real economy, calling for mitigating policy action.
Results reveal that output, unemployment, and inflation influence NPLs considerably, a finding consistent across the alternative model specifications. Although the magnitude is relatively small, intensified global risk aversion and tighter financial conditions, as captured by a rising VIX, are associated with heightened credit risks in the form of higher NPLs.
3 Bank-specific factors are found to have a statistically significant, albeit relatively small, effect on credit risk. In particular, low-capitalized, less profitable banks-and those with more risk appetite-tend to have higher NPLs. The findings of the Granger causality tests confirm the substantial feedback effects of NPLs on the economy's overall financial system and real sector. Impulse response functions show that the impact of a rise in NPLs on economic and financial variables is sizable. It also shows that over 3 years, a 1 percentage point increase in the NPL ratio leads to a cumulative effect of about a 0.1 percentage point contraction of GDP growth, about a 1.5 percentage point decline in loans growth, and a 0.1 percentage point pickup in unemployment. Our findings underline the importance of considering policy options to swiftly and effectively manage and respond to a buildup of NPLs. National and regional mechanisms underlying NPL resolution are important for safeguarding financial stability in an increasingly interconnected regional and global financial system.
In the paper, section II reviews the literature on the determinants of NPLs in Asia. Section III details data and methodology employed to investigate the macroeconomic and bank-specific determinants of NPLs, section IV discusses the empirical model and its results to estimate the feedback effects of NPLs to the real economy and the banking sector, and the last section concludes and discusses policy implications. 
II. LITERATURE REVIEW
The empirical evidence on the determinants of NPLs in Asian economies has been limited and by and large has been relying on country-level analysis. Nevertheless, there is consensus that two groups of factors influence the evolution of NPLs over time. On the one hand, overall macroeconomic conditions, which affect borrowers' debt servicing capacity, explain credit risk, as confirmed by the literature on major economies. On the other, bank-specific factors, which focus on variables that can possibly signal or influence risk-taking lending practices, also affect each bank's NPL level.
Much of the empirical evidence on the macroeconomic determinants of credit risk reveals that NPLs exhibit countercyclical behavior (Klein 2013) . In particular, income increases when an economy is expanding and real GDP growth is higher, which then improves borrower capacity to repay loans. Hence, default risk is mitigated and NPLs tend to decrease. Conversely, during economic contraction, unemployment tends to rise, leaving borrowers with fewer resources to repay their debts. Default risk tends to pick up and NPLs to increase. 4 Other macroeconomic variables found to affect NPLs include exchange rate, interest rate, and inflation. For example, see Anderson and Sundaresan (2000) , Collin-Dufresne and Goldstein (2001), Salas and Saurina (2002) , Rajan and Dhal (2003) , Fofack (2005) , and Jiménez and Saurina (2005) . Corporate bonds Stock market capitalization Bank credit % of GDP Roy (2014) investigated the drivers of NPL ratios in India using panel data of five bank groups for the period 1995-2012. The results of the fixed effects model reveal that an increase in the GDP growth rate-both current period and one-period lag-exerts downward pressure on the NPL ratio, while an increase in the real effective exchange rate (currency appreciation) contributes to the buildup of NPLs.
Using panel data from eight commercial banks for the fourth quarter (Q) of 2008 to Q2 2013, Ha, Trien, and Diep (2014) analyzed the macroeconomic determinants of NPL ratios in Viet Nam. Results of the panel regression confirm the countercyclical behavior of Vietnamese NPLs relative to the GDP growth rate. The study also finds that a higher lending rate is likely to increase the level of NPLs. And inflation and exchange rates are found to have statistically insignificant effects on Vietnamese NPLs.
Various studies in the literature have also considered bank-specific factors that affect banks' asset quality. Klein (2013) summarized the following hypotheses that attempt to explain the relationship between bank-specific factors and NPLs:
bad management hypothesis, 6 which argues that banks' low cost efficiency signals poor management practices, and thus may likely contribute to NPL buildup on the back of poor loan underwriting, monitoring, and control; (ii) an alternative hypothesis called skimping, 7 which contends that high cost efficiency may increase NPLs due to few resources allocated to monitoring lending risks; (iii) the moral hazard hypothesis, 8 which argues that moral hazard incentives exert upward pressure on NPLs by encouraging banks with relatively low capital to increase the riskiness of their loan portfolios; and (iv) excess lending, 9 which explains that higher NPLs can be attributed to banks' aggressive risk-taking behavior. Hassan, Ilyas, and Rehman (2015) tested the importance of bank-specific variables along with social factors such as political interference and management competence in driving NPLs in Pakistan's banking sector. Using survey data from 150 randomly selected bank managers and other credit officers of the top 12 banks of Lahore, Pakistan, the study found that bank-specific factors such as rapid credit growth, poor monitoring, interest, and weak risk assessment played a significant role in the buildup of NPLs. Karim, Chan, and Hassan (2010) tested the bad management hypothesis proposed by Berger and DeYoung (1997) using Malaysian and Singaporean banks. Employing the stochastic frontier approach to measure bank efficiency and then incorporating it in a Tobit simultaneous equations model, the study found that an increase in bank efficiency decreases NPLs in Malaysia and Singapore's banking sectors, providing empirical validation of the bad management hypothesis. 6 Williams (2004); Podpiera and Weill (2008); and Louzis, Vouldis, and Metaxas (2010) provide empirical evidence to support this hypothesis. See, for instance, Rossi, Schwaiger, and Winkler (2005) . 8 Berger and DeYoung (1997) and Salas and Saurina (2002) confirm this hypothesis. 9 This is supported by the empirical findings of Salas and Saurina (2002) and Jiménez and Saurina (2005) . Caballero, Hoshi, and Kashyap (2008) explored the engagement of large Japanese banks in misdirected bank lending ("zombie lending") to financially impaired borrowers ("zombies"). In this scenario, undercapitalized banks roll over loans from existing borrowers that struggle financially in order to avoid these assets being classified as nonperforming. Consequently, unproductive firms receive credit as opposed to more creditworthy and productive firms. While such a behavior keeps the loans artificially performing, it could also contribute to a buildup in NPLs in the long run due to this credit misallocation to unproductive firms.
The above discussed studies focus on either the macroeconomic variables or bank-specific factors driving NPLs, and are performed using a country-level analysis. A number of studies have incorporated both sets of factors and performed the analysis using bank-level data. Most notable among these include Klein (2013) , focusing on Central, Eastern, and Southeastern Europe; Nkusu (2011) , covering the advanced economies; and Espinoza and Prasad (2010) , looking at countries in the Cooperation Council for the Arab States of the Gulf. A major contribution of these studies involves the use of bank-level data and exploiting the unobserved heterogeneity of banks across countries using dynamic panel data methods. All of them provide empirical support for the two sets of factors. In addition, these studies assessed the feedback effects of NPLs to the real side of the economy by employing panel data vector autoregression methods.
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One report that uses a cross-country approach is the panel data analysis of Endut et al. (2013) covering Australia; Bangladesh; the PRC; Hong Kong, China; India; Indonesia; Japan; the Republic of Korea; Malaysia; the Philippines; Singapore, and Thailand. Results of the random effects generalized least squares model reveal that NPL ratios in Asia are influenced by interest rates, inflation rates, and real GDP growth.
The studies reveal several important insights. First, most Asian studies place greater importance on the role of macroeconomic conditions in determining NPLs as opposed to bankspecific factors, and they perform the analysis using aggregate country-level data. Second, there is a limited number of Asian studies that attempt to model the persistence of NPLs as well as their macrofinancial feedback effects. Last, there is no attempt to control for structural changes such as the AFC and global financial crises.
III. DETERMINANTS OF NONPERFORMING LOANS

A. Data
The paper uses panel data of individual banks' balance sheets from Bankscope and macroeconomic indicators from CEIC. The sample covers annual data for 1995-2014. Bank-level data consists of 165 commercial banks in 17 emerging economies in Asia, and the dataset covers more than 60% of the banking sector's assets in most of the sample countries (both in Table 2 ). The following data are used: (i) bank-level data, all taken from the Bankscope database, include NPL ratio (ratio of impaired loans to gross loans; denotes the logit transformation of the NPL ratio), equity-to-assets ratio (ratio of equity to assets; denoted by ), return on equity (ratio of net income to average equity; denoted by ), loans-to-deposits ratio (ratio of gross loans to deposits; denoted by ), loans growth rate (year-on-year growth rate of loans; denoted by Δ ); (ii) macroeconomic variables, all taken from CEIC, include the real GDP growth rate (Δ , unemployment rate (number of unemployed as a percent of the total labor force and Δ , which is the change in unemployment rate), exchange rate (value of local currency per US dollar denoted by ; an increase in the exchange rate means depreciation of the local currency), inflation rate ( ); and (iii) a measure of global risk aversion, which is the Standard and Poor's 500 stock market index (VIX) (denoted by ) taken from the Bloomberg database.
We use Fisher-type panel unit root tests (Choi 2001) to determine the stationarity of the variables. The panel unit root tests using both augmented Dickey-Fuller and Phillips-Perron tests reveal that all variables are stationary (Table 3 ). As in much of the literature on NPLs, 12 we use the logit transformation 13 of the NPL ratio as the logit specification ensures that the dependent variable spans over the interval ∞, ∞ and hence is distributed symmetrically and not restricted to take on values in the 0,1 interval. As Figure 3 shows, the distribution of the logit NPL ratio tends to approximate a normal distribution.
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Reported test statistics are based on unit root tests using one lag. Robustness checks using different lag specifications yield similar results. 12 See, for instance, Espinoza and Prasad (2010) and Klein (2013) . 13 Note that as a result of our logit transformation of the proportional, dependent variable "NPL ratio," one cannot interpret the size of the estimated coefficients as marginal effects on the NPL ratio any more. While signs can be interpreted, the size of the coefficients reveal the marginal effect on the logarithm of the odds-ratio of nonperforming loans and performing loans. The data on NPLs consists of 2,271 observations. Table 4 shows that along with other banklevel indicators, such as equity-to-assets ratio, return on equity, loans-to-deposits ratio, and loans growth, the NPL ratio exhibited significant variability across countries and banks and over time. Country-specific indicators also indicated significant variation over the period (Table 5 ). Appendix Table A1 presents the correlation coefficients among the variables of interest. Although the magnitude of the correlation is not very large, the signs of the coefficients satisfy the a priori expectations. NPL is positively correlated with the change in unemployment and inflation rate, while it is negatively correlated with the real GDP growth rate, equity-to-assets ratio, and return on equity.
B. Model
Given our granular dataset covering 165 commercial banks in 17 emerging economies in Asia over 2 decades, we employ a dynamic panel model in order to assess the determinants of bank-specific NPLs in Asia. Defining NPLs as the dependent variable and allowing for bank-specific fixed effects, we use the following representation:
where the dependent variable , denotes the logit transformation of the NPL ratio for bank at year . To ensure the robustness of our results, we use three alternative estimation techniques. First, we apply fixed effects estimation which uses time-demeaning to explicitly control for the unobserved bank heterogeneity which is correlated with the regressors. Second, we use the difference GMM (generalized method of moments), the Arellano-Bond technique which transforms the data by firstdifferencing to remove the fixed effects, and then uses the lagged levels of the regressors as instruments (Arellano and Bond 1991) . Lastly, we use the system GMM approach proposed by Arellano and Bover (1995) and Blundell and Bond (1998) to address this drawback by using both lagged levels and lagged differences as instruments. Under both GMM approaches, we model the lagged dependent variable as well as the lagged bank-level regressors as predetermined variables, while the country-specific and global regressors are assumed to be strictly exogenous. In addition, we apply the forward orthogonalization procedure of Arellano and Bover (1995) to reduce the loss of degrees of freedom due to differencing and the collapsing method of Holtz-Eakin, Newey, and Rosen (1988) to control the number of instruments (Roodman 2009 ). To construct panel-specific serial correlationand heteroskedasticity-robust standard errors, we also employ the two-step estimation of the covariance matrix in both the difference and system GMM approaches.
C.
Results and Discussion Table 6 presents the results of our estimation. The results reveal that both macroeconomic indicators as well as bank-level variables play a key role in explaining the evolution of banks' NPL ratios, and this finding appears to be consistent across all model specifications and across the three alternative estimation approaches. The inclusion of bank-level variables increases the explanatory power of the model, both the within-and the between -squared (in the fixed effects estimations). The same finding is observed when we control for the Asian financial crisis in 1998-holding bank-level and macroeconomic indicators fixed, banks' asset quality deteriorated to a large extent during the outbreak of the Asian financial crisis in 1998, and this increase in banks' NPL ratios is both practically and statistically significant in all the estimation approaches.
In the GMM estimations, we present diagnostic tests and results designed to ensure whether the instruments are valid and whether the estimated dynamic panel data models satisfy the classical assumption of no serial correlation. The Hansen test for overidentifying restrictions reveals that the instruments in both the difference and system GMM satisfy the exogeneity condition-that is, they are uncorrelated with the residuals and hence jointly exogenous instruments. The Arellano-Bond tests for serial correlation reveals that the GMM-estimated models possess serial correlation up to the first lag. This is expected since, by construction, both the difference and system GMM involve differencing which generates serial correlation of order 1 (Wooldridge 2002 ). The Arellano-Bond test for AR(2) serial correlation finds that there is no serial correlation of order 2, which implies that the assumption of serial independence in the original errors is satisfied.
Across all specifications and estimation methods, the results suggest that banks' NPL ratios exhibit strong serial correlation. The estimated coefficient of the lagged dependent variable ranges between 0.6 and 0.9. This suggests that a positive shock to NPLs is predicted to have significant lasting effects on the banking system, i.e., NPLs would persistently remain.
The macroeconomic variables contribute to the buildup of NPLs in emerging Asia. The real GDP growth rate, change in the unemployment rate, and inflation rate affect NPLs to a considerable extent, a finding consistent across all alternative estimations. In particular, lower output growth is associated with rising NPLs, confirming the empirical evidence that NPLs tend to behave countercyclically. One of the main transmission channels of this strong link between business cycles and the banking system is unemployment. When the economy slows, unemployment increases and borrowers' debt servicing capacity suffers, hence the surge in NPLs (Klein 2013; Makri, Tsagkanos, and Bellas 2014) . Indeed, our results show that unemployment contributes significantly to higher NPLs. The coefficient of Δ is both practically and statistically significant across all model specifications and estimation approaches. Inflation, on the other hand, can have an ambiguous effect (Nkusu 2011) . Higher inflation can, on the one hand, reduce the real value of outstanding loans thereby making it easier for borrowers to repay debt, or on the other hand, weaken real income when wages are sticky, in which case debt servicing capacity of borrowers deteriorates. The results of our analysis suggest that inflation significantly exhibits the latter behavior.
The VIX and the exchange rate also play a prominent role in explaining the evolution of NPLs among banks in emerging Asia. Although the magnitude is relatively small, intensified global risk aversion and tighter financing conditions are captured by rising VIX and depreciation of the local currency. They are associated with heightened credit risks in the form of higher NPLs. The VIX and the exchange rate are significantly related to funding conditions and related risks in emerging economies due to the financial channels of the variables. The magnitude of the VIX is much larger than that of the exchange rate.
Moreover, the Asian financial crisis (dummy_afc) is found to have contributed significantly to the buildup of NPLs among emerging Asian banks. For reasons not related to the included macroeconomic indicators and bank-level variables, credit risk in the form of rising NPLs intensified during the outbreak of the Asian financial crisis.
Bank-specific factors are found to have a statistically significant, albeit relatively small, effect on credit risk. In particular, banks with relatively low capital in the form of a smaller equity-to-assets ratio tend to have higher NPLs, holding other factors constant. This supports the moral hazard hypothesis as in Klein (2013) and discussed in Keeton and Morris (1987) . According to the hypothesis, low capitalized banks respond to moral hazard incentives by increasing risk appetite in their loan portfolio, thereby increasing NPLs. Risk-taking behavior also explains the positive relationship between the loans-todeposits ratio and NPLs. The loans-to-deposits ratio measures bank liquidity-it calculates how much funds banks use to create loans from the collected deposits (Makri, Tsagkanos, and Bellas 2014) .
Therefore, the more liquid a bank is, the more incentives the bank has to engage in risky behavior and hence to welcome more credit risk. The results suggest strong evidence of a positive relationship between bank liquidity and credit risk, and this finding is robust across the model specifications and alternative estimations. On the other hand, higher bank profitability, as indicated by increasing return on equity, decreases credit risk. This finding supports Makri, Tsagkanos, and Bellas (2014) and Klein (2013) who assert that bank profitability is closely linked with the risk-taking behavior of banks, thus highly profitable banks have fewer incentives to engage in high-risk activities which therefore exerts downward pressure on NPL buildup. Past excessive lending, as measured by the lagged loans growth, is found to contribute to higher NPL buildup among banks in emerging Asia. This finding is statistically significant across all the models.
Pre and Post Global Financial Crisis Analysis
To evaluate the effect of the global financial crisis in 2008, as well as perform a robustness check for our results, we split the sample into two subsamples-the precrisis period (before 2008) and the postcrisis period (2008) (2009) (2010) (2011) (2012) (2013) (2014) . Tables 7-9 present our pre and post global financial crisis analysis. In Table 7 , we present the results for the 1995-2007 subsample, while Table 8 shows the results for the 2001-2007 subsample (for robustness since the post global financial crisis subsample has relatively fewer years). We observe the same finding that NPLs among banks in emerging Asia exhibit strong serial correlation pre and post global financial crisis. The finding that rising unemployment is prominent in the higher buildup of NPLs among banks in emerging Asia is robust pre and post global financial crisis. Along with unemployment, exchange rates and VIX are found also to have significant impact on credit risk. However, post global financial crisis, the role of unemployment has become more prominent. Table 9 reveals that the magnitude of the effect of unemployment on NPLs has become more sizable. In addition, the contribution of inflation in increasing NPLs among Asian banks post global financial crisis has become more pronounced. In both subsamples, bank-specific factors are found to have a statistically significant, albeit relatively small, effect on credit risk. 
IV. FEEDBACK EFFECTS FROM NONPERFORMING LOANS TO THE REAL ECONOMY AND THE FINANCIAL SECTOR
A. Data
This section uses panel data of economy-level macroeconomic indicators covering annual data for 1994-2014 for 32 countries mostly in emerging Asia.
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The following economy-level data on macroeconomic variables are used: NPL ratio ( ) defined as the ratio of nonperforming loans to total loans of the country's overall banking system taken from Bankscope, change in NPL ratio (Δ ), loans growth rate defined as the year-on-year growth rate of loans of overall banking system taken from Bankscope (Δ , real GDP growth rate (Δ , unemployment rate defined as the number of unemployed as percentage of total labor force and change in the unemployment rate (Δ ), policy rate ( and its change (Δ ), and inflation rate ( ) defined as the year-on-year growth rate of the consumer price index and its change (Δ ), all of which are taken from CEIC. We use Fisher-type panel unit root tests (Choi 2001) to determine the stationarity of the variables. The panel unit root tests using both augmented Dickey-Fuller and Phillips-Perron tests suggest that all variables are stationary (Table 10 ). Notes: *** = significant at 1%, ** = significant at 5%, * = significant at 10%. Reported unit root tests were conducted with one lag. Empirical results have been derived using Stata 13 software. Source: Author's calculations using data from Bankscope database (accessed February 2016) and CEIC database (accessed October 2017).
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14 Afghanistan; Armenia; Australia; Azerbaijan; Bangladesh; Bhutan; Brunei Darussalam; Cambodia; PRC; Georgia; Hong Kong, China; India; Indonesia; Japan; Kazakhstan; Kyrgyz Republic; Lao People's Democratic Republic; Malaysia; Mongolia; Myanmar; New Zealand; Pakistan; Philippines; Republic of Korea; Samoa; Singapore; Sri Lanka; Tajikistan; Thailand; Turkmenistan; Uzbekistan; and Viet Nam. 15 Reported test statistics are based on unit root tests using one lag. Robustness checks using different lag specifications yield similar results.
The sample includes 376 observations on NPLs, with average NPL ratios at 8.02% across all the countries over the period. Table 11 also reveals that NPL ratios displayed significant variability at 8.46 standard deviation. Figure 4 shows that most of the NPL ratios are clustered in the 0%-10% range, and the change in NPL ratios is distributed around zero and tends to approximate a normal distribution. The correlation among all the variables broadly satisfies the a priori expectations. NPL ratio, either in level or in changes, is positively correlated with unemployment, inflation, and the policy rate, while it is negatively correlated with loans growth and GDP growth (Table 12 ). 
B. Methodology
To investigate the feedback effects of NPLs on the real economy, we choose to estimate a panel vector autoregression (VAR) model. All variables in the system are endogenous and have potential influence on each other. A VAR framework allows for a structural analysis by estimating impulse response functions for each exogenous shock in the system. For instance, one can estimate dynamic responses of all variables to a shock to the NPL ratio, thereby investigating macrofinancial feedback effects of NPLs and their dynamics. The panel VAR allows for combining the traditional VAR approach with the panel dimension, thereby not only estimating the parameters for an individual economy, but instead for a wider set of economies. It has the following representation:
where , is the vector of endogenous variables, , is the composite error term consisting of the country fixed effects and idiosyncratic errors , . In our baseline specification, , consists of four endogenous variables, namely Δ , , Δ , , Δ , ( Δ for specification 2), and Δ , , where subscript and denote country and year , respectively. For robustness checks, we estimate the panel VAR both in level and first-difference forms and get qualitatively similar findings. Results of model selection tests developed by Andrews and Lu (2001) reveal that the optimal lag order is 1, hence we include the first lag of each of the four endogenous variables in the estimation. Using the Stata program developed by Abrigo and Love (2015) , the panel VAR is estimated using GMM techniques to derive consistent estimates of the parameters. The said program uses the forward orthogonal deviation (Helmert procedure) proposed by Arellano and Bover (1995) to purge the country fixed effects, which are correlated with the regressors due to the lags of the dependent variable. The Helmert procedure transforms the data by subtracting the average of all available future observations. Finally, the program uses GMM-style instruments as proposed by Holtz-Eakin, Newey, and Rosen (1988) . This procedure improves the efficiency of estimates by creating instruments based on observed realizations, with missing observations substituted with zero.
Following Espinoza and Prasad (2010) , the identification strategy is based on a Cholesky decomposition with Δ appearing first in the ordering, followed by Δ , Δ , and finally Δ . This ordering assumes that the NPL ratio can affect economic growth or credit growth only with a lag and not contemporaneously. This is consistent with the empirical evidence documented in the literature that causality runs initially from economic growth to NPLs. For robustness checks, we also try alternative Cholesky orderings proposed by Klein (2013) and De Bock and Demyanets (2012) , which assume that NPLs have a contemporaneous effect on economic activity, while GDP growth, unemployment, and inflation affect NPLs only with a lag. Qualitatively, the results are similar across alternative Cholesky orderings.
C.
Results and Discussion
To determine whether there are indeed feedback effects from rising NPLs to the real economy and banking sector variable such as GDP, unemployment and loan growth, we perform Granger causality tests from the estimated panel VAR model. Table 13 reveals strong evidence supporting the feedback effects of NPLs. The change in the NPL ratio Granger-causes change in the policy rate, credit growth, GDP growth, and unemployment. The other direction of causality also holds. The macroeconomic indicators also Granger-cause change in the NPL ratio. To assess the dynamic behavior of the model, we present the orthogonalized impulse response functions in Figures 5 (baseline model) and 6 (specification 2). The impulse response functions summarize the response of one variable in the system to a shock in another while holding other innovations fixed. 16 Our results suggest that a rising NPL ratio decreases GDP growth, credit supply, and the policy rate, and increases unemployment. By magnitude, a one standard deviation shock in the NPL ratio would lead to about 0.18 percentage point contraction in GDP growth rate, about 3.61 percentage point decline in the loan growth rate, and about 0.21 percentage point rise in unemployment after 1 year. 17 Over 3 years, a 1 percentage point increase in the NPL ratio leads to a cumulative effect of about a 0.1 percentage point contraction in the GDP growth rate, about a 1.5 percentage point decline in loans growth, and a 0.1 percentage point pickup in unemployment. Higher GDP growth and credit supply both decrease the NPL ratio, while tighter monetary policy and rising unemployment both increase the NPL ratio. 16 See Appendix Tables A2.1 and A2.2 for the underlying forecast error variance decompositions. 17 A one standard deviation shock to the NPL ratio is equal to 3.5 percentage points in the baseline model, and 3.1 percentage points in specification 2. 
V. CONCLUDING REMARKS
The empirical results reveal that both macroeconomic indicators and bank-level variables play a key role in explaining the evolution of banks' NPL ratios. International financial conditions, such as exchange rates and financial stress, have a significant impact on NPLs. Currency depreciation against the US dollar, going through a financial channel of exchange rates (opposite to the trade channel), appears to cause tighter financial conditions, which can be associated with slowing real economic activity and thereby rising NPLs. Although the magnitude is relatively small, intensified global risk aversion and tighter financial conditions, as captured by a rising VIX and exchange rates, are associated with heightened credit risks in the form of higher NPLs. Moreover, the Asian financial crisis is found to have contributed significantly to the buildup of NPLs among emerging Asian banks.
Bank-specific factors are found to have statistically significant, albeit relatively small effects on credit risk. In particular, banks with relatively low capital, in the form of a smaller equity-to-assets ratio, tend to have higher NPLs, holding other factors constant. This supports the moral-hazard hypothesis, as in Klein (2013) and discussed in Keeton and Morris (1987) . According to the hypothesis, low capitalized banks respond to moral-hazard incentives by increasing risk appetite in their loan portfolio, resulting in increasing NPLs. Risk-taking behavior also explains the positive relationship between loanto-deposit ratios and NPLs. The loan-to-deposit ratio measures bank liquidity-it calculates how much funds banks use to create loans from the collected deposits (Makri, Tsagkanos, and Bellas 2014) .
As such, the more liquid a bank is, the greater its incentive to engage in risky behavior and hence welcome more credit risk. The results suggest strong evidence of a positive relationship between bank liquidity and credit risk, a finding robust across the model specifications and alternative estimations. By contrast, the higher a bank's profitability, as indicated by increasing return on equity, the lower its credit risk. This finding supports Makri, Tsagkanos, and Bellas (2014) and Klein (2013) , who assert that bank profitability is closely linked with risk-taking behavior, thus highly profitable banks have fewer incentives to engage in high-risk activities, exerting downward pressure on NPL buildup. Past excessive lending, as measured by lagged loans growth, is found to contribute to higher NPL buildup among banks in emerging Asia. This finding is statistically significant across all the models. This could relate to the results by Mian, Sufi, and Verner (2017) , highlighting the important role of (household) credit supply shocks. They show that a buildup in the household debt-to-GDP ratio is associated with lower GDP growth and higher unemployment.
We also observe the finding that NPLs among banks in emerging Asia exhibit strong serial correlation pre and post global financial crisis. The finding that rising unemployment plays a prominent role in the higher buildup of NPLs among banks in emerging Asia is robust pre and post global financial crisis. Along with unemployment, exchange rates and the VIX are also found to have significant impact on credit risk. However, post global financial crisis, the role of unemployment has become more prominent. Table 9 reveals that the magnitude of the partial effect of unemployment on NPLs has become more sizable. In addition, the contribution of inflation in increasing NPLs among Asian banks post global financial crisis has become more prominent. In both subsamples, banks' specific factors are found to have a statistically significant, albeit relatively small, effect on credit risk. On the feedback effects from NPLs to economic and financial variables, the results suggest that a rising NPL ratio decreases GDP growth, credit supply, and policy rate, and increases unemployment.
The research results and past episodes of financial crises strongly suggest that rising NPLs must be addressed rapidly and effectively due to an immediate feedback impact on economic and financial variables. NPLs reduce banks' lending abilities and drag on banks' profitability (that is, they increase the opportunity cost of capital, since they yield no returns and require capital provisioning, management, and financial resources). Excessive and rapid buildup of NPLs can also cause a credit crunch, leading to a banking crisis, and financing for small and medium-sized enterprises, trade, infrastructure, and households may take a serious hit. Banking instability strongly affects other capital market segments (bonds, equities, and commodities). Accordingly, the early cleanup of NPLs from bank balance sheets can help restore private sector lending to the real economy and facilitate recovery from a crisis. Effective and preemptive handling of the deterioration of banks' asset quality can also help inclusive growth, by mitigating the negative impact of NPLs on unemployment and the poor. In addition, the finding that rising unemployment plays a key role in the buildup of NPLs also suggests that, during a crisis, policy measures to mitigate unemployment could be considered part of a comprehensive crisis response package, and decrease the negative impact on financial instability. As such, dealing with a rapid rise of NPLs can be seen as part of either microprudential or macroprudential policies depending on the underlying cause of the vulnerability and country-specific circumstances.
That said, a next step for enhancing financial stability is to determine how policy makers can strengthen Asia's financial safety nets by effectively and rapidly dealing with asset quality deterioration in bank balance sheets. Measures would include policy options such as recapitalization, corporate debt restructuring, supervisory framework and efforts, as well as employing NPL resolution mechanisms including an AMC option to complement efforts, although not to substitute these. Another policy effort of developing distressed asset markets in Asia, requiring efforts to develop financial markets and their infrastructure, and implement legal and institutional reforms based on country-specific factors, can also be considered. 
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